Introduction
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Building Information Modeling (BIM) is a technological innovation that has the last decade 27 gained traction in Architecture, Engineering, and Construction (AEC) industry as a 28 construction innovation (Elmualim and Gilder 2014) . Innovation entails new artefacts or 29 processes in a field (Abernathy and Clark 1985) . Overall, BIM domain entails a set of 30 Information Technology (IT) tools for generating, managing, and sharing building information 31 among project actors, involving more digital functionalities than three-dimensional modeling. However, not all firms and project networks are able to automatically work harmoniously with 37 these new workflows and processes that accompany BIM innovation. After all, the network of 38 AEC is fragmented into various firms that collaborate or compete across the market and it has 39 been described as a 'loosely coupled system' (Dubois and Gadde 2002) . Due to heterogeneity 40 and fragmentation, innovation becomes misaligned among construction networks (Taylor and 41 Levitt 2007). Similarly, as an innovation BIM tends to be misaligned among firms that adopt 42 it. According to Taylor and Levitt (2007) , construction systems with strong relational stability 43 and permeable boundaries perform better with misaligned innovation -and probably with BIM 44 innovation. To this end, a network view of BIM innovation offers a contextual understanding 45 of BIM innovation and there is additional room to understand how BIM adoption drivers 46 influence its implementation in project networks. 47 Any firm's decision-making on adopting BIM is the resultant of institutional forces, internal 48 drivers, and external pressures . The use of BIM has been mandated for 49 governmental buildings from policy-makers in the United States of America (USA) and various 50 European countries, such as the United Kingdom (UK) and some Nordic countries. Such 51 initiatives include quasi-contractual BIM documents among multi-disciplinary project actors, 52 such as the pre-contract 'BIM Execution Plan' (CPIc 2013) in the UK. As BIM implementation 53 requires synergy among various multi-disciplinary actors (Sackey et al. 2014) , there is 54 additional scope for observing inter-organizational BIM implementation in projects (Taylor 55 and Bernstein 2009). After all, projects are excellent vessels to implement and study 56 innovations (Shenhar et al. 1995) , because any successful innovation relies on a sound project 57 (Shenhar and Dvir 2007) . Drawing upon the above, there are three levels of observing BIM: 58 market (macro-), inter-organizational (meso-), and intra-organizational (micro-level). This 59 paper aims to explore understand the relation between BIM adoption motivations (micro-level) 60 and BIM implementation (meso-level) within the context of project networks (macro-level). 61 From a practical perspective, this is important because firms still struggle adopting and 62 implementing BIM. Theoretically, this work aims to shed new light on construction innovation, 63 using BIM as a research setting. Accordingly, it links these levels to reach a comprehensive 64 understanding of BIM innovation adoption, implementation and diffusion, using the concept 65 of loosely coupled systems. 66 This study extends the online survey study of Cao et al. (2016) who unraveled a relation 67 between BIM adoption motivations and implementation practices across design organizations, 68 by here studying three multi-disciplinary project networks (cases). This study explores the 69 relation between intra-firm motivations (heterogeneity attributes) for adopting BIM innovation, 70 and how innovation unfolded and was applied (implementation) in projects, at a network level 71 (as systemic innovation), drawing upon empirical data from three cases. Subsequently, the 72 study attempts to link the intra-and inter-organizational levels of BIM, by confronting BIM 73 motivations with BIM practice. The study is organized as follows. First, the theoretical basis 74 around innovation, BIM, and network view of BIM innovations is presented. Subsequently, the 75 selected methodology and data collected are presented. The paper ends by presenting, 76 interpreting and confronting empirical data against literature, outlining implications for 77 research, practice and policy, before concluding with summary and future directions. the (1) agenda-setting of innovation and its (2) matching to the overall organizational agenda, 90 followed by the implementation of innovation through iterative cycles of (3) 91 redefining/restructuring the innovation, (4) clarifying its relation to the organization and (5) 92 routinizing it into the organization's ongoing activities (Rogers 2003) . 93 Given that even firms delivering similar services or products are highly heterogeneous; 94 repetitive and heterogeneous micro-scale behaviors and adoption decision contribute to macro-95 scale phenomena, and diffusion (Rogers et al. 2005 Management' (Becerik-Gerber and Kensek 2009), "digitally-enabled working" (Dainty et al. 127 2017) and digitization (Morgan 2017) , to capture numerous associated innovations. 128 Additionally, BIM-related policy is also considered innovation. Its novelty lies at policies 129 prescribing BIM-related contract addendums and workflows in project delivery. Table 1 130 summarises the afore-described key studies that contributed to the evolving nature of BIM. Table 1 around here>>   133   134 BIM is seen as a "multifunctional set of instrumentalities for specific purposes" (Miettinen 135 and Paavola 2014) that affects various actors across construction lifecycle, while policies, 136 processes, and technologies interact to generate a digital building design (Succar et al. 2012 ).
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Loose coupling in computer and system design entails components that are not constrained in 138 same definitions, programming languages, environment (web or desktop) operating systems, 139 or platform. Therefore, BIM is a domain of loosely coupled Information Technology (IT) 140 systems for generating, controlling, and managing information flows intra-and inter-141 organizationally. This is in contrast to reports of tight technological coupling of BIM shared 142 models (Dossick and Neff 2010) . Indeed, the state-of-the-art of BIM technology has not 143 allowed to work past the concept of reference models (Berlo et al. 2015) or the limitations of 144 asynchronous collaboration (Cerovsek 2011 projects, based on case studies, and (c) diffusion at a macro-level, focusing on distinct countries.
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To illustrate this categorization, Table 2 presents an indicative list of BIM research streams.
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BIM adoption studies provide rich insights into intra-firm barriers and enablers. Son et al. coupled system' is neither a 'managerial failure', nor needs to be transformed into a tight 198 system, but instead entails tools for understanding and evaluating interpretative systems (Orton 199 and Weick 1990). Conversely, a tight system would be static and possess neither distinctive 
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The overarching research method was case study used to analyse the phenomenon in "real- Netherlands.
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The sample was diverse, as the participating firms were of varying sizes, e.g. Medium Enterprises (SME) and large firms. The firms that participated in the projects (cases) 298 were simultaneously engaged in long-standing project networks (alliances) and this ensured 299 access to multi-disciplinary interviewees and facilitated the network-view of the study. The 300 researcher was not affiliated with any of the participating firms. The cases (projects) were 301 studied over a period of 18 months, during Definitive Design phase, Pre-Construction phase, 302 and the first stages of Construction. 
Data collection and analysis
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The primary data were 31 interviews with various actors per project from both supply and Accordingly, the interview questions revolved around (1) the firms' motivation for adopting 318 BIM as an innovation, (2) their perceived benefits and challenges during BIM implementation, 319 and (3) the projects' outcomes. As usually cases study methods "incorporate a number of data 320 gathering measures" (Berg 2001 ), the research also included secondary data for triangulation 321 and credibility (Miles and Huberman 1994 The primary data (interviews) were analyzed using systematic thematic analysis, following Figure 1) . 424 Given that BIM has been approached as a domain of technologies, processes, and other 425 functionalities in this paper, Table 6 In Case C, the communications were organized in a top-down manner, essentially via the 488 contractor. They explained that they have been using their "BIM Center to train the (Table 6 ). Instead, in Case A, although the BIM implementation 575 processes were consistent with firms' 'external' BIM adoption drivers, they were far too rigid 576 and did not allow for systems' responsiveness. In Case C, the again consistent firms' 'external' 577 BIM adoption motivations were not supported by any collaboration structure for BIM 578 implementation (Table 6 ). To increase construction performance, various scholars "prescribe Table 6 ). Contrariwise, in cases were the contractor was (Table 6 ). Additionally, the firms operating 625 in these two cases had generally compatible BIM adoption motivations; Case A adopted BIM 626 due to largely 'external' motivations, whereas Case B adopted BIM driven from 'internal' Table 6 ). These outlets and Table 6 . Additionally, approaching BIM as an evolving domain from a historical view (see 761   Table 1 ) is an effort to acknowledge that it has emerged from a collaborative setting between 762 industry and policy, and although its associated technologies are old, its novelty lies in the need 763 for processes, coordination and well-defined workflows. 
